Background: With increasing prevalence of injected drug use in the United States, a growing number of intravenous drug users (IVDUs) are at risk for infective endocarditis (IE) that may require surgical intervention; however, few data exist about clinical outcomes of these individuals.
Trends in intravenous drug users among surgical patients with infective endocarditis.
Central Message
Intravenous drug users among surgically treated infective endocarditis patients are compromised by reinfection and late complications.
Perspective
Among 436 adult patients with active endocarditis undergoing surgery, 78 (17.9%) were current intravenous drug users with their increasing proportion in recent years. Although intravenous drug users had lower cardiovascular risk burdens, risks of reinfection and valve-related complications were significantly higher compared with drug nonusers.
See Article page 677.
See Editorial Commentaries page 681 and 842.
Intravenous drug abuse is increasing rapidly in the United States. Use of heroin, the most common illicit injected drug worldwide, almost doubled in the United States between 2006 and 2013 to 681,000 active users, with an estimated 169,000 people starting the drug in 2013. 1 The majority of intravenous drug users (IVDUs) are young adults who find heroin less expensive and easier to obtain than prescription opioids. [1] [2] [3] The incidence of heroin-related deaths has surged during this same period as well, with nearly 6000 deaths recognized to be caused by heroin intoxication in 2013, a figure almost tripled from that of 2006. 4 Consequently, this has become a major public health issue in the United States.
Of the many medical complications of drug abuse, infective endocarditis (IE) is particularly challenging given the significant risk of acute mortality as well as social factors such as late recidivism and reinfection. Overall, IE carries in-hospital and 1-year mortality rates of 10% to 20% and a nearly 40%, respectively, even in the current era. 5, 6 Of those with IE, 60% to 70% will ultimately require heart valve surgery, particularly those with resistant or highly virulent organisms as is common among intravenous (IV) drug use-associated IE. [5] [6] [7] [8] The decision to proceed with surgical treatment is further complicated among IVDUs because reinfection of a prosthetic valve increases subsequent operative risk and diminishes the likelihood of medical cure. [9] [10] [11] [12] Given an estimated incidence of IE among this population of 100 to 400 per 100,000 personyears, which is 50 to 100 times that of the population at large, and the increased prevalence of IV drug use in the United States, this is likely to be an increasingly common clinical conundrum. 6, 7, [13] [14] [15] Enthusiasm for operative management of IE in IVDUs in the surgical community is mixed, given anecdotal experience of repeated recurrences attributable to continued use of IV drugs. 16 Furthermore, independent of reinfection, survival of IVDUs is threatened by competing causes of mortality, including drug intoxication, trauma, and suicide. 8, [17] [18] [19] These issues raise questions about the utility versus futility of aggressive, resource-intensive surgical procedures, particularly among patients who are actively injecting drugs. 16, 20 There are limited data concerning the clinical characteristics and prognosis after surgical therapy of these patients to inform clinical decision making and postoperative care. 17, 21 We therefore sought to examine short-and long-term outcomes in the surgical management of IE among patients who are IVDUs in comparison to non-IVDUs associated with IE. In the interest of capturing an adequately sized cohort, data were pooled from 2 closely associated tertiary academic centers in Boston, Massachusetts.
METHODS

Study Population and Outcome Measures
The prospectively collected cardiac surgery databases of the Massachusetts General Hospital (MGH) and the Brigham and Women's Hospital (BWH) were queried to identify patients aged 17 years or older undergoing heart valve operations due to active IE from January 2002 through August 2014. The disease was considered active according to the Society of Thoracic Surgeons (STS) definitions if the patient was currently being treated for endocarditis. 22 These 2 databases uniformly record baseline patient characteristics, information on cardiac surgical procedures, and perioperative outcomes according to STS definitions. In addition, retrospective chart reviews were conducted to collect detailed information regarding IV drug use status and profiles on IE such as specific pathogens, characteristics of valvular lesions, and treatment details. IVDUs currently engaging in IV drug use were defined as those who had injected drugs during the past 12 months as suggested by prior studies. 1, 4, 23 Follow-up information on individual patients was obtained through January 2015 by review of longitudinal data from Partners Health Care System, the largest health care system in Massachusetts, which maintains a centralized clinical data registry of all patient encounters within the system, including BWH and MGH. 19 This data warehouse has been used for other clinical research and its coding data have been validated in several prior studies. [24] [25] [26] The primary outcome of interest was death and valve-related complications, the latter including reinfection or reoperation of the heart valves, thromboembolic events, and anticoagulation-related hemorrhage as defined by STS. 27 Early mortality was defined as those occurring in-hospital or within 30 days of surgery. The diagnosis of valvular reinfection was based on 1 of the following criteria as suggested by STS guidelines: findings on reoperation with evidence of abscess, paravalvular leak, frank pus, or vegetation confirmed as secondary to infection by histologic or bacteriologic studies; or meeting of the Duke Criteria for endocarditis in the absence of reoperation. 27 Thromboembolic complications, including neurologic (stroke or transient ischemic attack) or peripheral embolic events producing signs or symptoms caused by the obstruction of a peripheral artery, were diagnosed clinically. Diagnosis of septic pulmonary embolism was made by the findings on enhanced computed tomography scan of the chest when clinically suspected, particularly in cases with IE involving rightsided heart valve. Anticoagulation-related hemorrhage was defined as requiring transfusion, unplanned hospital admission, or a hemostatic intervention. 27 Early-, intermediate-and late-onset of recurrent IE were defined as those that occurred within 30 days, between 30 and 360 days, and beyond 360 days of surgery based on the current practice guidelines. 7 The study protocol was approved by the Institutional Review Board of Partners Healthcare, which encompasses the MGH and the BWH. The requirement for informed consent from individual patients was waved due to the retrospective nature of the study design. Log-rank tests were used to compare the differences in the time-related outcomes between groups. Given the significant differences in demographic and clinical risk profiles between the 2 groups of patients in favor of the IVDU group, we assumed that relative risks of deaths may differ across early and late postoperative periods. To address this issue, landmark mortality analyses were performed split into 2 intervals: 90 days or less and more than 90 days following surgery. 28 To adjust for baseline risk profiles between IVDUs and non-IVDUs in the evaluations of outcomes, we performed propensity score analysis. The propensity scores were calculated by multiple logistic regression analysis that included baseline variables shown in Tables 1 and 2 . Model discrimination and calibration were evaluated with the C statistics (C ¼ 0.936) and Hosmer-Lemeshow statistics (P ¼ .275), respectively. Propensity score matching yielded only 33 pairs of patients; therefore, we conducted a covariate adjustment with propensity score rather than using the propensity score as a matching tool. With this technique, propensity scores were incorporated into Cox proportional hazard models as a covariate as well as IV drug use status to calculate the propensity-adjusted hazard ratio (HR). Cox-proportional hazard models were used with robust standard errors that accounted for the clustering by center. The proportional hazards assumption was confirmed by examination of log (Àlog[survival]) curves and by testing of partial (Schoenfeld) residuals and no relevant violations were found.
Statistical Analysis
Because defining IV drug use depended heavily on patients' own reports, we assumed that there was potential uncertainty in classifying IV drug use status. To account for potential influence of underestimation of current IV drug use, a sensitivity analysis was performed. For this analysis, we randomly sampled 3% of patients in the non-IVDU group to reclassify them as IVDUs and recalculated HRs for clinical end points. This procedure was repeated for 100 times to obtain averaged HRs and 95% confidence intervals (CIs). We gradually increased the proportions of reclassified patients from 3% to 70% of all non-IVDUs, and evaluated how this reclassification influenced overall HRs.
Analyses were performed with the use of R statistical software, version 3.1.2 (R Foundation for Statistical Computing, Vienna Austria).
RESULTS
Baseline Characteristics
There were 436 patients meeting the enrollment criteria from the 2 centers (MGH, n ¼ 192; BWH, n ¼ 244). Overall, 78 patients (17.9%) were IVDUs currently engaging in IV drug use with the proportion significantly increasing during the study period (P ¼ .048) (Figure 1 ), particularly after 2012 (14.8%-26.1%; P ¼ .006). Documented drugs of use included heroin only in 33, cocaine only in 18, combined heroin and cocaine in 19, heroin or cocaine combined with other IV drugs in 5, amphetamine in 2 and polysubstance in 1 with others unknown.
The baseline profiles of patients according to current IV drug use status are summarized in Table 1 . Overall, compared with non-IVDUs, IVDUs were younger and had fewer cardiovascular risk factors (eg, diabetes, hypertension, renal dysfunction, and European System for Cardiac Operative Risk Evaluation II score). They presented more frequently; however, with current cigarette smoking, embolic events, large vegetations, and right-sided and multiple valvular involvement. There were no significant Table 2 . Overall, 99 patients (22.7%) underwent emergent surgery and 21 patients (4.8%) had intra-aortic balloon pumps placed before surgery. Valves were repaired in 45 patients (10.3%). Replacements were with mechanical prostheses in 99 patients (22.7%), bioprostheses in 206 patients (47.2%), or human allografts (homografts) in 86 patients (19.7%). There were no significant differences between IVDUs and non-IVDUs in operative profiles. All patients received at least 4 to 6 weeks of IV antibiotic therapy regardless of IV drug use status.
Outcome: Overall Cohort
Thirty-day mortality rates were lower in IVDUs than non-IVDUs (3.8% vs 13.7%; P ¼ .012).
Late follow-up data derived from the Partners database were complete in 76.4% of the entire cohort with a median duration of 29.4 months (quartile 1-3, 570 patient-years). Completeness of follow-up was lower in IVDUs than in the non-IVDU group (73.5% vs 77.1%), but without statistical significance (P ¼ (Table 3) . Kaplan-Meier curves did not show a significant difference in overall survival rates between IVDUs and non-IVDUs; however, freedom from valve-related complications were significantly lower among IVDUs, mainly attributed to higher rates of reinfection and reoperation compared with non-IVDUs (Figure 2) .
Overall 5-and 10-year survival rates were 78.9% AE 6.0% and 69.5% AE 8.3% in IVDUs, respectively; and 76.1% AE 2.6% and 68.7% AE 3.9% in non-IVDUs, respectively (P ¼ .39). When adjusted by propensity score, IVDUs tended to have lower risk of early mortality (HR, 0.32; 95% CI, 0.08-1.36; P ¼ .13 for 90-day death) but with higher risk of late mortality (HR, 2.07; 95% CI, 0.78-5.48; P ¼ .14) compared with non-IVDUs; however, they were statistically insignificant.
Five-and 10-year-survival rates free of valve-related events were 40.9% AE 7.5% and 6.9% AE 6.2% among IVDUs, respectively; and 63.9% AE 3.3% and 50.8% AE 4.9% in non-IVDUs (P ¼ .006). After propensity score adjustments, risks of valve-related complications were significantly higher in IVDUs compared with non-IVDUs (HR, 3.82; 95% CI, 1.95-7.49; P<.001), which mainly stemmed from a higher risk of reinfection and consequent reoperations (Table 3) .
Outcomes: IVDU Subgroup
Among early IVDU IE survivors (n ¼ 75), 28 patients (37.3%) had known reinfection of the valves at a median of 18.1 months (range, 0.2-54.3 months) following valve surgery. Among these, 1 (3.6%) occurred within 30 days, 9 (32.1%) occurred between 30 days and 1 year, and 18 (64.3%) occurred more than 1 year after surgery. Causative organisms of the reinfections were viridans group streptococci in 6 patients (21.4%), methicillin-susceptible staphylococci in 5 patients (17.9%), methicillin-resistant staphylococci in 4 patients (14.3%), enterococci in 2 Values are presented as medial (interquartile range) or n (%). IVDU, Intravenous drug user; IABP, intra-aortic balloon pump; CABG, coronary artery bypass grafting. patients (7.1%), and fungus in 2 patients (7.1%), whereas 9 patients (32.1%) showed culture-negative results. Overall, only 6 patients (21.4%) were found to have the same causative organisms as at initial presentation.
Of the 28 patients with reinfection, 14 underwent surgery and 14 were treated with antimicrobial therapy only. The reasons for medical therapy in the latter 14 patients were presence of intracranial hemorrhage in 3 patients (31.4%), prohibitive surgical risk due to severity of illness in 2 patients (14.3%), active in-hospital use of IV drugs in 3 patients (31.4%), and cardiac arrest during preparation for operation in 1 patient (7.1%). Another 5 patients (35.7%) were successfully treated medically with complete resolution of IE. Among those treated surgically there were no early surgical deaths, although 1 patient died of intracranial hemorrhage at 46.7 months postoperation. The median duration of antimicrobial therapy in the 14 patients who had only medical therapy was 6.0 weeks (range, 3-12 weeks) with 3 in-hospital deaths (21.4%) and 3 late deaths (21.4%). Causes of the early deaths were sepsis in 2 patients and ventricular arrhythmia in 1 patient, and the causes of late deaths were repeated recurrence of IE in 2 patients and sudden death in 1 patient. The 5-year survival rates among surgical and medical therapy patients for recurrent IE in IVDUs were 91.7% AE 8.0% and 38.9% AE 16.7%, respectively (P ¼ .066) ( Figure E1 ). Reoperative valve operations were undertaken for reasons other than reinfection in 6 other patients (7.7%) for insufficiency of a repaired valve (n ¼ 2) or structural deterioration of a prosthetic valve (homograft
Overall, 11 late deaths (14.1%) occurred in IVDUs. Causes of deaths were recurrence of IE in 6 patients, intracranial hemorrhage in 1 patient, and metastatic lung cancer in 1 patient, whereas causes could not be specified in 3 patients: 1 died suddenly and 2 died of unknown causes, whereas 1 was found dead while actively using heroin.
Sensitivity Analysis
Because of the challenges associated with determining with certainty the IV drug use status of all patients in the study, we undertook a sensitivity analysis of the influence of misclassification, as illustrated in Figure 3 . The forest plots indicate adjusted HRs for valve reinfection according to the increasing proportion of reclassified patients from non-IVDUs to IVDUs (3%-70%). For valve reinfection, significantly increased risks are observed up to 50%, whereas the proportion of reclassification that would be required to account for the observed increased risk of reinfection would be at least 60%.
DISCUSSION
Our study confirms an increase in the proportion of IVDUs amongst surgical patients with active IE, almost doubling during the study interval. This is consistent both with our clinical impression and the virtual epidemic of increasing IV drug use in the general population as reported by the Centers for Disease Control and Prevention.
1 Perhaps more unexpectedly to us, the data also showed a markedly lower operative risk among IVDUs than non-IVDUs. This is likely in part because the former were typically 25 years younger and had fewer comorbidities compared with the non-IVDUs. Another potential factor may be surgical selection bias, because we did not capture all patients seen with IE and cannot therefore account for those who were not accepted for surgical intervention. It is possible that a subset of extremely ill individuals were not offered surgery.
Despite superior early survival, late outcomes when corrected for age and other factors by propensity score were worse for IVDUs than non-IVDUs, with higher rates of reinfection and reoperation. This is likely a reflection of the challenge of recidivism among IVDUs, although actual data concerning recurrent drug use are hard to come by. Individuals may well not be forthright in responding to this sensitive question when presenting with IE after valve surgery for IVDU-related IE out of concern that this will influence the enthusiasm of clinicians to reoperation once again. The same may be true of family members. Furthermore, unless a drug screen returns positive, the responses cannot be readily verified.
Our findings of a rising incidence of IV drug use-associated IE are consistent with a recent Swedish nationwide cohort study of 7603 patients with IE, 990 of whom were treated surgically. 6 In that study, the 30-day mortality remained constant at around 10% across the decade of the study, indicating that despite general medical progress in the current era, IE remains a highly lethal condition. Overall, in contrast to our study, the absolute mortality at 5 years' follow-up was lower for the 355 IVDUs than for non-IVDUs, when compared with ageand gender-matched general population; however, IVDUs showed a standardized mortality ratio of 19.1 (95% CI, 13.5-27.1), which was much higher than other subgroups (standardized mortality ratio range, 1.8-6.3). Similarly, Rabkin and colleagues 17 observed markedly lower long-term survival among IVDUs than non-IVDUs and, conversely, less frequent reinfection. The reasons for this difference is a matter of speculation; however, it is clear that the socioeconomic aspects of IV drug use are rapidly changing in this country, with heroin use markedly up among the middle class or wealthy. 29 This may translate into greater access to health care should use recur. It should be noted that this disappointing long-term survival of IV drug use has been demonstrated independent of IE. Many IV drug initiators become chronic users, and survival is significantly compromised should they not resolve IV drug use. [30] [31] [32] [33] The mortality rate among long-term IV drug use has been shown to be 6.9 times greater than the general population with an average loss of life of 18.3 years. 30, 32 Although 1 study indicated IE as the most common cause of death among IVDUs, 31 other studies showed drug overdose, accident, violence, and other chronic disease such as AIDS and liver cirrhosis as competing leading causes of death in these individuals. 30, [32] [33] [34] The combination of anticipated short life expectancy despite young chronologic age and the perceived high risks of treatment failure and recurrence of the disease after surgery challenge many front-line health care providers as an ethical controversy. 16, 20 Despite the growing incidence of IV drug use, current practice guidelines do not address surgical indications or management strategies for active IVDUs specifically and treating physicians are left to formulate therapeutic plans on an individual basis without much hard evidence in the literature. The results of this present study help to fill that evidence gap. These data suggest that for IVDUs actively injecting, the technical exercise of replacing the infected valve(s) combined with antimicrobial therapy can be performed at low perioperative risk, but may be incomplete therapy without the addition of effective addiction treatment. It is apparent that resolution or minimization of postoperative IV drug use would likely improve outcomes for this population via prevention of late reinfection just as discontinuation of tobacco use may improve outcomes after coronary revascularization. From a surgical standpoint, failure to resolve IV drug use is comparable to leaving the nidus of infection behind, as shown by a 10-year event-free survival rate of only 6.9% AE 6.2% among IVDUs. Given the very high recidivism rate of IVDUs, insistence by treating clinicians on agreement by the subject to participation in a drug rehabilitation program might be a reasonable consideration. Consultation to institutional ethics committee may also be appropriate when making a decision to undertake surgery in active IVDUs who refuse to enter a drug rehabilitation program and are likely to remain at high risk to reinfect their valve. In 1 of our institutions (MGH) consultation with an addiction counselor has become standard routine at the time of surgical consultation for IE in IVDUs.
Finally, we observed Staphylococcus aureus as the most common pathogen of IE among IVDUs and right-side valve involvement to be more common in IVDUs than non-IVDUs, as has been reported previously. [35] [36] [37] Unlike earlier prior reports we found left-sided valve involvement predominant among IVDUs who undergo surgery. 37 This is consistent with the findings of Rabkin and colleague 17 and may be a reflection of a shift in surgical philosophy away from intervention on right-sided lesions in favor of antimicrobial therapy and the implantation of a prosthetic makes any subsequent infection an even more complicated problem. The poor late outcomes in IVDUs could not be attributed to differences in the virulence or type of organism.
Limitations
This study has inherent limitations in the retrospective nature of the research. Study subjects are affected by surgical selection bias because only patients accepted for surgery were included and those who received medical therapy only were not, nor was there a medicaltreatment-only control group for comparison. Obtaining reliable follow-up data concerning reinfection and valverelated complications in this patient population was also challenging. Because this group is the most challenging in follow-up, the data are likely biased in favor of lower event rates in this subgroup. Finally, the data set represents the experience of urban tertiary academic referral centers, and therefore it is subject to referral bias from the community.
CONCLUSIONS
The proportion of IVDU among surgical patients with IE is increasing. Although IVDUs are younger, with lower baseline cardiovascular risk burdens, long-term clinical outcomes are discouraging with a significant rate of reinfection and a trend toward higher risk of late mortality. These data highlight the need to aggressively address the expanding drug use epidemic that is driving the increased rate of IE in this population and provide effective addiction treatment postoperatively to prevent reinfection.
Webcast
You can watch a Webcast of this AATS meeting presentation by going to: http://webcast.aats.org/2015/Video/ Tuesday/04-28-15_4E_1655_Kim.mp4.
Discussion
Dr Gosta B. Pettersson (Cleveland, Ohio). I would like to thank the Association for the honor to discuss this important article related to this epidemic of drug abuse. Thank you and congratulations on a nice presentation and for providing the article in a timely fashion. This article addresses 1 important complication of drug abuse: drug abuse presently accounts for more than a quarter of all surgical endocarditis cases at Mass General and Brigham and Women's Hospital in Boston. This is a scary trend, and in their introduction the authors question the utility of aggressive resource-intensive surgical procedures for these patients. This is a moral, ethical, and medical dilemma. Moral and ethical if we look upon drug abuse as a self-inflicted problem and medical if we look at drug abuse as just another comorbidity; for example, comparable to morbid obesity.
The authors clearly show that drug abuse patients, who are younger and have low surgical risk, return with recurrent infection and they do have a decreased late survival, but survival is still 81% and 72% at 5 and 10 years, respectively, and we certainly treat many patient groups with worse survival without hesitation.
Although we don't know the exact number, we all believe the majority of the patients return to drug abuse. In this study, 37 patients returned with recurrent endocarditis within 1.5 years, and most of these reinfections were caused by a new organism different from the first, suggesting that they were new injects. We all understand that their long-term outcome is related to our ability to treat their comorbidity more than to our ability to treat their endocarditis-long-term success is all about prevention of continued drug abuse.
At the Cleveland Clinic we have also recognized the drug abuse epidemic, and we have recently reviewed our experience with drug abuse-related endocarditis for the period 2007 to 2012, corresponding to the second half of the study period of Dr Kim's study. Our experience for this 5-year period includes 41 cases, corresponding to 8% of our total endocarditis patients.
Although our experience is similar to the Boston experience, there are some notable differences between Cleveland and Boston. Heroin was an even more dominating drug in Cleveland than in Boston; 63% of our patients had tricuspid valve involvement compared with only 25% of the Boston patients. And more of our patients had Staphylococcus aureus infections: 59% of ours compared with 38% in this study.
We also noticed an interesting thing with regard to the risk of death after surgery. The hazard ratio within the first 90 days was lower for the drug abuse patients, but between 90 and 180 days the hazard ratio was actually 9.8 that of nondrug abusers, and then it stabilized at 1.8, which is very close to your observation.
My first question is related to the follow-up and the reliability of the Social Security Index to confirm vital status and dates of death. This question is relevant to several studies presented during this meeting. On November 1, 2011, some 40% of the Social Security death master file was deleted from public use by the Congress. According to our understanding, the Social Security Death Index is unlikely to disclose all deaths, and because the data capturing is related to exhausted Social Security benefits rather than death, the Index is more likely to be incomplete for younger patients. Drug abuse patients are younger and notoriously difficult to track.
Are you still convinced that your follow-up with regard to vital status is really that 100% as you claim or do you agree that we might even have underestimated the number of deaths?
Dr Joon Bum Kim (Boston, Mass). Thank you, Dr Pettersson. Your comment is very important and has to be addressed appropriately.
We have been aware of the potential inaccuracy of the Social Security Death Index in the identification of mortality status; however, this was our best research in our database system, and the Social Security Death Index was searched only if the patient showed missing data on vital status. Fortunately, our Partners Center database has some accurate data on mortality status. So most of the patients were covered by our Partners Center registry, and I remember only 30 patients needed to be looked up in the Social Security Death Index. So I think our data is pretty good in terms of mortality identification.
Dr Pettersson. Do you know what your patients died from? Did they die from drug overdose, endocarditis, or something else?
Dr Kim. Out of 78 intravenous drug abusers, there were 3 early deaths and 11 late deaths, and we could identify the causes of death in 8 patients. They were reinfection in 6 patients, 1 patient died of lung cancer, and 1 died of intracranial hemorrhaging; 3 were unidentified. Of these, 1 found dead while he was using heroin very actively. So we think that 3 patients died from heroin use, but most of our patients died from reinfection among these patients.
Dr Pettersson. My third set of questions relates to our observation that 68% of our drug addict patients had hepatitis C, a risk not only to the patient but also to the surgical team. Do you know your prevalence of hepatitis C among your patients? We don't know if some of them FIGURE E1. Survival after surgical versus medical therapy for recurrence of infective endocarditis in intravenous drug users.
